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Japanese Patent Laid-open No. HEI 04-142788 A 
Publication date : May 15, 1992 
Applicants : TOSHIBA CORP 

Title : DISTRIBUTED FEEDBACK SEMICONDUCTOR LASER 

SPECIFICATION 

1 . Title of the Invention 

Distributed Feedback Semiconductor Laser 

2. Scope of Claims for Patent 

(1 ) A distributed feedback semiconductor laser comprising: 

at least an active layer on a semiconductor substrate; and 

an optical guide layer having a band gap larger than that of the active 

layer, and a plurality of diffraction gratings formed on one side of the optical 

guide layer, 

wherein the plurality of diffraction gratings having different pitches are 
formed in an optical waveguide direction, and the pitch has a predetermined 
length. 

2. A distributed feedback semiconductor laser comprising: 

at least an active layer on a semiconductor substrate; and 

an optical guide layer whose band gap is larger than that of the active 

layer, a plurality of diffraction gratings being formed on one side of the optical 

guide layer, 

wherein the plurality of diffraction gratings having different pitches are 
formed in an optical waveguide direction, and the pitch has a predetermined 
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length, given by 

A(2„,L±mA) 
A — - 

where 

A m : grating pitch, 

n,: effective refractive index of optical waveguide, 
L: oscillator length, 
m: positive integer, and 
X: oscillation wavelength. 

delete 

3. Detailed Description of the Invention 
[Object of the Invention] 

(Industrial Applicability) 

The present invention relates to a distributed feedback semiconductor 
laser particularly used for optical fiber communications and the like. 
(Prior Art) 

As is well known, the optical fiber communication is one in which an 
optical signal obtained by modulating an emitting device such as the 
semiconductor laser is transmitted through the optical fiber. In a long distance 
transmission, a single longitudinal mode semiconductor laser is used in order 
to avoid degradation caused by dispersion of the optical signal in the optical 
fiber. Particularly, the single longitudinal mode semiconductor laser having 
excellent low noise characteristics is used for analog multi-channel video 
transmissions such as a transmission for cable television. 

The single longitudinal mode semiconductor laser is realized by the 
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distributed feedback semiconductor laser. As shown in Fig. 2, for example, in 
the distributed feedback semiconductor laser, a diffraction grating 22, an 
optical waveguide 23, an active layer 24, a cladding layer 25, and a contact 
layer 26 are sequentially formed on a semiconductor substrate 21 . By 
applying bias current to electrodes 27 and 28 sandwiching these layers, the 
current is injected into the active layer 24 to oscillate, which allows a single 
wavelength determined by the diffraction grating pitch, composition and 
dimensions of the optical waveguide 23 and the optical waveguide 23 to be 
extracted. 

According to the above configuration, because an interaction between 
a photon and an electron occurs only with respect to the single wavelength 
mode in the active layer 24 and the optical waveguide 23, an inter electric field 
distribution is strongly affected by the pitch of the diffraction grating 22 and the 
dimensions and accuracy of the active layer 24 and the optical waveguide 23. 
When the diffraction grating pitch and the dimensions of the active layer 24 and 
optical waveguide 23 are outside the optimum conditions, depending on a 
magnitude of injection current density, extreme nonlinear output characteristics 
(kink), multi-wavelength oscillation, and the like may be occasionally observed. 
This results in problems such as a decrease in yield during manufacturing and 
a decrease in reliability in use. 

The single longitudinal mode semiconductor laser having both the low 
noise characteristics and low distortion characteristics is most suitable for the 
analog multi-channel video transmission. However, as described above, 
there is a problem that kink may be generated. On the other hand, in a 
Fabry-Perot semiconductor laser having no diffraction grating 22, because the 
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interaction between the photon and the electron occurs in the plurality of 
modes, the Fabry-Perot semiconductor laser is much better than the single 
longitudinal mode semiconductor laser in linearity in optical output 
characteristics, and the Fabry-Perot semiconductor laser is suitable for analog 
modulation. However, the interaction between the photon and the electron 
which occurs in the plurality of modes becomes mode partition noise, and 
relative intensity noise (RIN) of the Fabry-Perot semiconductor laser is about 
20 dB larger than that of the single longitudinal mode semiconductor laser. 
Therefore, the Fabry-Perot semiconductor laser cannot be used in analog. 
(Problems to be Solved by the Invention) 

As described above, in the conventional single longitudinal mode 
semiconductor laser having both the low noise characteristics and the low 
distortion characteristics, because the interaction between the photon and the 
electron occurs only with respect to the single wavelength mode in the active 
layer and the optical waveguide, the inside electric field distribution is strongly 
affected by the pitch of the diffraction grating and the dimensions and accuracy 
of the active layer and the optical waveguide. Therefore, an object of the 
present invention is to provide the distributed feedback semiconductor laser 
which has a high reliability, low noise characteristics, and low distortion 
characteristics such that the multi-wavelength oscillation and the like are never 
generated even if the diffraction grating pitch and the dimensions of the active 
layer 24 and optical waveguide 23 are outside the optimum conditions. 
[Constitution of the Invention] 
(Means to Solve the Problems) 

A distributed feedback semiconductor laser of the present invention 
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comprises at least an active layer on a semiconductor substrate and an optical 
guide layer having a band gap larger than that of the active layer, and a 
plurality of diffraction gratings formed on one side of the optical guide layer, 
wherein the plurality of diffraction gratings having different pitches are formed 
in an optical waveguide direction, and the pitch has a predetermined length. 
(Operation) 

In the present invention, by arranging the diffraction gratings having 
the different pitches, the number of oscillation wavelength modes is controlled 
and the mode partition noise is decreased, allowing non-linear output to be 
improved. 

(Embodiments) 

Exemplary embodiments of the present invention will be described 
below with reference to the accompanying drawings. 

Fig. 1 is a sectional view of the configuration of the distributed 
feedback semiconductor laser according to the embodiment of the invention. 
A diffraction grating 2 is formed on an N-type semiconductor substrate 1 in 
which InP is doped. The different pitches are formed in the diffraction grating, 
and the pitch is formed over an area having a predetermined length. The 
pitch of the diffraction grating 2 is given by the following equation: 

A-X/2n, ... (1) 

where, 

A: grating pitch, 

X: oscillation wavelength, and 

n,: effective refractive index of optical waveguide. 

Accordingly, for example in the case of the oscillation wavelength of 
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the 1.3 nm band in the semiconductor laser, the predetermined pitch length of 
Ao = 1770A is obtained from the equation (1) by using n,=3.7. The diffraction 
gratings having the pitch of Ao=1770A and the diffraction gratings having the 

pitch of Ai=1771.6A are alternately arranged with each pitch length of 50 |am. 

An InGaAsP-doped optical waveguide layer (optical guide layer) 3, an 
active layer 4, InP-doped P-type cladding layer 5, and an InGaAsP-doped 
P + -type contact layer 6 are sequentially laminated on the diffraction grating 2 in 
which the diffraction gratings having different pitches. An electrode 7 and an 
electrode 8 are formed beneath the substrate 1 and on the contact layer 6, 
respectively. 

Fig. 2 is a sectional view near an optical output side in the configuration 
of Fig. 1. In order to obtain a single lateral mode, a width w of the active layer 
4 and the optical waveguide is formed to be about 1 ^m. N-P type inverse 
junction blocking layers 9 are formed on the both sides of the active layer 4 and 
the optical waveguide to secure optical and electrical confinement. 

In the distributed feedback semiconductor laser having the 
above-described configuration, the oscillation wavelength is 1310 nm and 1311 
nm, and a side mode suppression ratio is not lower than 35 dB in each of two 
oscillation modes. Since the interaction between the photon and the electron 
is distributed to these two modes, the nonlinear output characteristics is largely 
improved even if it is shifted from the optimum conditions of the diffraction 
grating pitch, the active layer dimensions, and the optical waveguide 
dimensions. Therefore, the improvement of product yield is achieved. 

Even if the side mode suppression ratio is 30 dB, the oscillation 
wavelengths of 1310 nm and 1311 nm are not substantially affected by the 
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dispersion in long distance transmission because a wavelength interval 
between two oscillation modes is 1 nm. 

While the diffraction grating pitch of the 1 .3 jam band is used in the 
embodiment, the same effect can be obtained in the diffraction grating pitch of 
the 1 .55 (am band. In this case, a buffer layer on the active layer 4 may be 
formed, if necessary. 

The diffraction grating 2 may be formed on the active layer 4. While 
the pitch of the diffraction grating 2 is formed to be changed in each 50 |j.m in 
the embodiment, the present invention is not limited to this. As long as the 
pitch of the diffraction grating 2 is changed with a uniform ratio among the 
diffraction gratings, the pitch of the diffraction grating 2 may be changed with 
the unequal intervals, or the pitch may be changed with arbitrary permutations 
among the diffraction gratings. 

With reference to Fig. 1, another embodiment of the present invention 
will be described next. 

From the viewpoint of optical feed back resistance, the low-noise 
multi-mode semiconductor laser is ideally suitable for the analog multi-channel 
video transmission. Accordingly, in the low-noise multi-mode semiconductor 
laser, the plurality of diffraction grating pitches that brings about the oscillation 
wavelength equal to the wavelength interval AX m of the Fabry-Perot mode 
expressed by the following equation are formed. The wavelength interval AA^ 
of the Fabry-Perot mode is given by the following equation: 

AA m =A 2 /2n, L ... (2) 

where 

AA m : wavelength interval, 
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n,: effective refractive index of optical waveguide, 
X,: oscillation wavelength, and 
L: resonator length. 
In this case, the diffraction grating pitch A m is given by the following equation 

(3): 

A±mAZ m 

When the equation (2) is substituted into the equation (3), the equation (4) is 
obtained. 

_ A(2 n9 L±mA) 
m ~ 4, 2 L '" K) 

(m: integer) 

The central diffraction grating pitch is set to A 0 , and three kinds of the diffraction 
grating pitches are formed on the condition of m=1 in the equation (4). In the 
arrangement of the diffraction gratings, the diffraction grating having the 
diffraction grating pitch of A 0 is located in the center, and the diffraction gratings 
having the diffraction grating pitch of Ai are placed on the both sides of the 
diffraction grating having the diffraction grating pitch of A 0 . As the oscillation 
wavelength is set to 1310 nm, A 0 =1770A, A 0 =1771.3A, and 1769.2Acan be 
obtained as pitches of the diffraction grating 2. 

Since the oscillation wavelength has three modes in the distributed 
feedback semiconductor laser having the configuration, the oscillation 
wavelength of the distributed feedback semiconductor laser corresponds to the 
Fabry-Perot mode having the three to four oscillation wavelengths. Therefore, 
the distributed feedback semiconductor laser is not affected by a phase 
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change caused by end reflection. Since the interaction between the photon 
and the electron is distributed by three modes, the nonlinear output 
characteristics such as the kink hardly occur. Further, mode distribution is 
hardly generated because gain is specified in the diffraction grating, and large 
relative noise field intensity which is of the feature of the Fabry-Perot mode is 
improved. 

Although the oscillation wavelength is set to 1310 nm in the 
embodiment, the oscillation wavelength may be set to 1550 nm or other 
wavelengths. While the three wavelength modes are formed in the 
embodiment, the effect of the present invention can be expected as long as the 
wavelength mode has at least two kinds. Further, it is possible to arbitrarily 
set a reflectance of the end face of the resonator. 

[Effect of the Invention] 

As described above, according to the present invention, since the 
plurality of diffraction gratings having the different pitches is arranged, the 
oscillation mode having the characteristics of the single longitudinal mode is 
obtained, although it is multimode. Therefore, it is possible to provide the 
distributed feedback semiconductor laser that has low noise characteristics 
and no nonlinearity. 
4. Brief Description of the Drawings 

Fig. 1 is a sectional view of the configuration of a distributed feedback 
semiconductor laser according to an embodiment of the present invention. 

Fig. 2 is a sectional view of a portion at an optical output side of a 
distributed feedback semiconductor laser according to an embodiment of the 
present invention. 
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Fig. 3 is a sectional view of the configuration of a conventional 
distributed feedback semiconductor laser. 

1 ■■■ N-type semiconductor substrate, 2 ■•• Diffraction grating, 3 ■•• 
Optical waveguide layer, 4 ■•■ Active layer, 5 ••• Cladding layer, 6 ■•■ Contact 
layer, 7 and 8 ■■■Electrode, and 9 Inverse junction blocking layer. 
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